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Abstract
In the type 0B string theory, we discuss the role of tachyon(T ) and fixed
scalars(ν, λ). The issue is to explain the difference between tachyon and fixed
scalars in the D5±-D1± black hole background. For this purpose, we perform
the semiclassical calculation. Here one finds a mixing between (ν, λ, T ) and the
other fields. Using the decoupling procedure, one finds the linearized equation
for the tachyon. From the potential analysis, it turns out that ν plays a role
of test field well, while the tachyon induces an instability of Minkowski space
vacuum. But the roles of ν and T are the same in the near-horizon geometry.
Finally we discuss the stability problem.
Compiled at September 19, 2018: 261.
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I. INTRODUCTION
Recently type 0 string theories attract much interest in the study of non-supersymmetric
gauge theories [1–3]. Type 0 string theories can be obtained from the worldsheet of type II
string theories by performing a non-chiral GSO projection [4]. The resulting theories have
world sheet supersymmetry but no space-time supersymmetry. The crucial differences of
type 0 theories with type II theories is to have the doubling of Ramond-Ramond(RR) fields
and the tachyon. Thus they all have twice as many D-branes. The application of this model
to the study of non-SUSY gauge theory was realized by Klebanov and Tseytlin [2]. They
considered the theory of N coincident electrically charged D3-branes. Using the near-horizon
D3-brane, they constructed an SU(N) gauge theory with six adjoint scalars and studied its
behavior. They observed that the doubled RR flux in type 0 dual background stabilizes the
tachyon. Since then a number of papers on this mode appeared [5]. In a subsequent paper,
Klebanov and Tseytlin [6] also considered the theory of N electric D3+-branes coincident
with N magnetic D3−-branes. The non-SUSY theory is the SU(N)×SU(N) gauge theory
coupled to six adjoint scalars of the first SU(N), six adjoint scalars of the second SU(N), and
fermions in the bifundamental representation(four Weyl spinors in the (N,N¯) and another
four in the (N¯,N)). The Dp±-brane bound states of the type 0 theories are somewhat similar
to those of the type II theories. However, the essential difference with type II theories comes
from the existence of tachyon. In the previous work of one of the authors [7], the low energy
scattering of fields in the type 0B theory for electric D3-branes attepmted. In this analysis
the dilaton field can be used as a test field.
One of the simplest way to see the role of tachyon in type 0 theories is to consider the
intersecting Dp-branes. The Dp±-brane bound states can be intersected according to the
same rules of the type II theories. The D5±-D1± brane black hole thus is constructed to show
that the corresponding near-horizon geometry is AdS3×S3×T4 and it has asymptotically flat
space at infinity. It is shown that the tachyon field can be stabilized in AdS3×S3×T4 [6,8]. In
this paper, we will study the role of the tachyon in D5±-D1± brane black hole, by comparing
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it with the fixed scalars. Further, we will present a complete solution to the stability by
analyzing the potentials surrounding the D5±-D1± brane black hole.
The organization of the paper is as follows. In section II, we briefly sketch the D5±-D1±
brane black hole in the type 0B string theory. We set up the perturbation for all fields
around this black hole background in Sec. III. Here we choose the harmonic gauge and use
all linearized equations to decouple (ν, t) from the remaining fields. Sec. IV is devoted to
analyzing their potentials. Finally we discuss our results in Sec. V.
II. D5±-D1± BRANE BLACK HOLE
Here we consider a class of 5D black holes representing the bound state of the D5±-
D1± brane system compactified on T
5(=T4×S1). This black hole can also be obtained as
a solution to the semiclassical action of type 0B string compactified on T5. The effective
action for a 5D black hole is given by [8]
S =
1
2κ25
∫
d5x
√−g
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R − 4
3
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4
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e−2λ/3T 2
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e
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e−
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f+(T )F
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2
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, (1)
where F (K)µν is the Kaluza-Klein(KK) field strength along the string direction(S
1), F±µν are
the electric components of the Ramond-Ramond(RR) three-form F3± and H±µν are dual to
the magnetic components of the RR three-form F3±. Here we omit the analysis of the 6D
dilaton φ6, since it is just a minimally decoupled scalar. On the other hand, the scalars ν
and λ interact with the gauge fields and are examples of the fixed scalar. ν is related to the
scale of the internal torus(T4), while λ is related to the scale of the KK circle(S1). f±(T ) =
1±T +O(T 2) and the tachyon mass is given by m2 = −2/α′. Comparing with the results of
type IIB theory [9,10], the new ingredients are the tachyon and the doubling of the RR fields.
κ25 is the 5D gravitational coupling constant (κ
2
5 = 8piG
5
N , G
5
N=5D Newtonian constant).
This can be determined by G5N =
G10
N
V5
= 8pi
6g2
(2pi)5V R
= pig
2
4V R
with V = R5R6R7R8(volume of T
4),
3
R = R9(radius of S
1), α′ = 1, and g(=10D string coupling constant). We wish to follow the
MTW conventions [11].
The equations of motion for action (1) are given by
Rµν − 4
3
∂µλ∂νλ− 4∂µ∂νν − 1
4
∂µT∂νT − 1
12
m2e−2λ/3T 2gµν
−e 83λ
(
1
2
F (K)µρ F
(K) ρ
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−
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where the prime(′) denotes the differentiation with respect to its argument. In addition, we
need the remaining Maxwell equations as five Bianchi identities [10]
∂[µF
(K)
ρσ] = ∂[µF±ρσ] = ∂[µH±ρσ] = 0. (11)
The black hole solution is given by the background metric
ds2 = −df− 23dt2 + d−1f 13dr2 + r2f 13dΩ23 (12)
and
4
e2λ¯ =
fK√
f1f5
, e4ν¯ =
f1
f5
, f = f1f5fK , (13)
F¯
(K)
tr =
2Q˜K
r3f 2K
, F¯±tr =
2Q1±
r3f 21
, H¯±tr =
2Q5±
r3f 25
, T¯ = 0. (14)
Here four harmonic functions are defined by
f1 = 1 +
r21
r2
, f5 = 1 +
r25
r2
, fK = 1 +
r2K
r2
, d = 1− r
2
0
r2
, (15)
with r2i = r
2
0 sinh
2 σi, i = 1, 5, K. Q1±, Q5± and Q˜K are related to the characteristic radii
r1, r5, rK and the radius of horizon r0 as
Qj+ = Qj− ≡ Qj, j = 1, 2, Q˜i = 1
2
r20 sinh 2σi, i = 1, 2, K,
Q˜2j ≡ 2Q2j = Q2j+ +Q2j− = r2j (r2j + r20), j = 1, 2, Q˜2K = r2K(r2K + r20),
r2i =
√
Q˜2i +
r40
4
− r
2
0
2
, i = 1, 2, K. (16)
The background metric (12) is just a 5D Schwarzschild one with time and space com-
ponents rescaled by different powers of f . The event horizon (outer horizon) is clearly at
r = r0. When all five charges are nonzero, the surface of r = 0 becomes a smooth inner hori-
zon (Cauchy horizon). If one of the charges is zero, the surface of r = 0 becomes singular.
The extremal case corresponds to the limit of r0 → 0 with the boost parameters σi → ±∞
keeping Q˜i fixed. Here one has Q˜1 = r
2
1, Q˜5 = r
2
5, and Q˜K = r
2
K . In this work we are very
interested in the limit of r0, rK ≪ r1, r5, which is called the dilute gas approximation. This
corresponds to the near-extremal black hole and its thermodynamic quantities are given by
Mnext =
2pi2
κ25
(
r21 + r
2
5 +
1
2
r20 cosh 2σK
)
, (17)
Snext =
4pi3r0
κ25
r1r5 cosh σK , (18)
1
TH,next
=
2pi
r0
r1r5 cosh σK . (19)
The above energy and entropy are actually those of a gas of massless 1D particles. In this
case the effective temperatures of the left and right moving string modes are given by
TL =
1
2pi
(
r0
r1r5
)
eσK , TR =
1
2pi
(
r0
r1r5
)
e−σK . (20)
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The Hawking temperature is given by their harmonic average
2
TH
=
1
TL
+
1
TR
. (21)
III. PERTURBATION ANALYSIS
Here we start with the perturbation around the black hole background as in [10]
F
(K)
tr = F¯
(K)
tr + F (K)tr = F¯ (K)tr [1 + F (K)(t, r, χ, θ, φ)], (22)
F±tr = F¯±tr + F±tr = F¯±tr[1 + F±(t, r, χ, θ, φ)], (23)
H±tr = H¯±tr +H±tr = H¯±tr[1 +H±(t, r, χ, θ, φ)], (24)
λ = λ¯+ δλ(t, r, χ, θ, φ), (25)
ν = ν¯ + δν(t, r, χ, θ, φ), (26)
gµν = g¯µν + hµν , (27)
T = 0 + t. (28)
Here hµν is given by
hµν =


h1 h3 0 0 0
−d2h3/f h2 0 0 0
0 0 hχχ h
χ
θ h
χ
φ
0 0 hθχ h
θ
θ h
θ
φ
0 0 hφχ h
φ
θ h
φ
φ


(29)
This seems to be general for the s-wave calculation.
One has to linearize (2)-(10) in order to obtain the equations governing the perturbations
as
δRµν(h)− 4
3
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+
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+
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)
+
1
12
e−
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+
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2
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)
+
1
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λ¯−4ν¯H¯+ρσHρσ+ g¯µν −
1
6
e−
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κ
+η h
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1
9
δλ+
1
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)
+
1
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λ¯−4ν¯H¯2+hµν
+
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4
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2
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)
+
1
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4
3
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1
6
e−
4
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− e− 43 λ¯−4ν¯H¯2−g¯µν
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1
9
δλ+
1
3
δν
)
+
1
12
e−
4
3
λ¯−4ν¯H¯2−hµν = 0, (30)
∇¯2δν − hµν∇¯µ∇¯ν ν¯ − g¯µνδΓρµν(h)∂ρν¯
− 1
4
e−
4
3
λ¯+4ν¯F¯+µνFµν+ +
1
4
e−
4
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λ¯+4ν¯F¯+µνF¯
ν
+ρ h
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8
e−
4
3
λ¯+4ν¯F¯ 2+
(
−4
3
δλ+ 4δν
)
− 1
4
e−
4
3
λ¯+4ν¯F¯−µνFµν− +
1
4
e−
4
3
λ¯+4ν¯F¯−µνF¯
ν
−ρ h
µρ − 1
8
e−
4
3
λ¯+4ν¯F¯ 2−
(
−4
3
δλ+ 4δν
)
+
1
4
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4
3
λ¯−4ν¯H¯+µνHµν+ −
1
4
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4
3
λ¯−4ν¯H¯+µνH¯
ν
+ρh
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8
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4
3
λ¯−4ν¯H¯2+
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4
3
δλ+ 4δν
)
+
1
4
e−
4
3
λ¯−4ν¯H¯−µνHµν− −
1
4
e−
4
3
λ¯−4ν¯H¯−µνH¯
ν
−ρh
µρ − 1
8
e−
4
3
λ¯−4ν¯H¯2−
(
4
3
δλ+ 4δν
)
= 0, (31)
∇¯2δλ− hµν∇¯µ∇¯νλ¯− g¯µνδΓρµν(h)∂ρλ¯
− 1
2
e
8
3
λ¯F¯ (K)µν F (K)µν +
1
2
e
8
3
λ¯F¯ (K)µν F¯
(K) ν
ρ h
µρ − 2
3
e
8
3
λ¯F¯ (K)2δλ
+
1
4
e−
4
3
λ¯+4ν¯F¯+µνFµν+ −
1
4
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4
3
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ν
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4
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−1
6
δλ+
1
2
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)
+
1
4
e−
4
3
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1
4
e−
4
3
λ¯+4ν¯F¯−µνF¯
ν
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µρ + e−
4
3
λ¯+4ν¯F¯ 2−
(
−1
6
δλ+
1
2
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)
+
1
4
e−
4
3
λ¯−4ν¯H¯+µνHµν+ −
1
4
e−
4
3
λ¯−4ν¯H¯+µνH¯
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+ρ h
µρ − e− 43 λ¯−4ν¯H¯2+
(
1
6
δλ+
1
2
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)
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+
1
4
e−
4
3
λ¯−4ν¯H¯−µνHµν− −
1
4
e−
4
3
λ¯−4ν¯H¯−µνH¯
ν
−ρ h
µρ − e− 43 λ¯−4ν¯H¯2−
(
1
6
δλ+
1
2
δν
)
= 0, (32)(
∇¯µ + 8
3
∂µλ¯
) (
F (K)µν − F¯ (K) να hαµ − F¯ (K)µβhβν
)
+ F¯ (K)µν
(
δΓσσµ(h) +
8
3
∂µδλ
)
= 0, (33)(
∇¯µ − 4
3
∂µλ¯+ 4∂µν¯
) (
Fµν+ − F¯ ν+α hαµ − F¯ µ+βhβν
)
+F¯ µν+
(
δΓσσµ(h)−
4
3
∂µδλ+ 4∂µδν + ∂µt
)
= 0, (34)(
∇¯µ − 4
3
∂µλ¯+ 4∂µν¯
) (
Fµν− − F¯ ν−α hαµ − F¯ µ−βhβν
)
+F¯ µν−
(
δΓσσµ(h)−
4
3
∂µδλ+ 4∂µδν − ∂µt
)
= 0, (35)(
∇¯µ − 4
3
∂µλ¯− 4∂µν¯
)(
Hµν+ − H¯ ν+αhαµ − H¯µ+βhβν
)
+H¯µν+
(
δΓσσµ(h)−
4
3
∂µδλ− 4∂µδν + ∂µt
)
= 0, (36)(
∇¯µ − 4
3
∂µλ¯− 4∂µν¯
)(
Hµν− − H¯ ν−αhαµ − H¯µ−βhβν
)
+H¯µν−
(
δΓσσµ(h)−
4
3
∂µδλ− 4∂µδν − ∂µt
)
= 0, (37)
(
∇¯2 −m2e−2λ¯/3
)
t− e−4λ¯/3+4ν¯
{
F¯ 2+
(
t
2
+ F+
)
+ F¯ 2−
(
t
2
− F−
)}
−e−4λ¯/3−4ν¯
{
H¯2+
(
t
2
+H+
)
+ H¯2−
(
t
2
−H−
)}
= 0, (38)
where
δRµν(h) = −1
2
∇¯2hµν − 1
2
∇¯µ∇¯νhρρ +
1
2
∇¯ρ∇¯νhρµ + 1
2
∇¯ρ∇¯µhνρ, (39)
δΓρµν(h) =
1
2
g¯ρσ(∇¯νhµσ + ∇¯µhνσ − ∇¯σhµν). (40)
Since we start with full degrees of freedom (29), we choose a gauge to study the propagation
of fields. For this purpose δRµν can be transformed into the Lichnerowicz operator [12]
δRµν = −1
2
∇¯2hµν + R¯σ(νhσµ) − R¯σµρνhσρ + ∇¯(ν∇¯|ρ|hˆρµ). (41)
We have to examine whether there exists any choice of gauge which can simplify Eqs.(31) and
(32). Conventionally we choose the harmonic (transverse) gauge (∇¯µhˆµρ = g¯µνδΓρµν = 0).
Considering the harmonic gauge and Q1 = Q5 case for simplicity, Eqs.(31), (32) and (38)
lead to
∇¯2δν + Q
2
1
r6f 21 f
1/3
(2F+ + 2F− − 2H+ − 2H− + 16δν) = 0, (42)
8
∇¯2δλ− d
f 1/3
hrr∂2r λ¯+
d
f 1/3
hµνΓrµν∂rλ¯−
2Q˜2K
r6f 2Kf
1/3
(
h1 + h2 − 2F (K) − 8
3
δλ
)
+
2Q21
r6f 21 f
1/3
(
2h1 + 2h2 − F+ −F− −H+ −H− + 8
3
δλ
)
= 0, (43)
∇¯2t+ 2
α′
(
f1
fK
)1/3
t+
8Q21
r6f 21 f
1/3
(2t+ F+ −F− +H+ −H−) = 0, (44)
Now we attempt to disentangle the mixing between (δν, δλ, t) and other fields by using both
the harmonic gauge and U(1) field equations in Eqs.(33)-(37). After some calculations, one
finds the relations
2F (K) = h1 + h2 − hθiθi −
16
3
δλ, (45)
2(F± ± t) = h1 + h2 − hθiθi +
8
3
δλ− 8δν, (46)
2(H± ± t) = h1 + h2 − hθiθi +
8
3
δλ+ 8δν, (47)
where hθiθi = h
χ
χ + h
θ
θ + h
φ
φ. Using (45)-(47), one obtains the equations for δν, δλ and t as
∇¯2δν − 8Q˜
2
1
r6f 21 f
1/3
δν = 0, (48)
∇¯2δλ− d
f 1/3
hrr∂2r λ¯+
d
f 1/3
hµνΓrµν∂rλ¯+
2
r6f 1/3
(
Q˜21
f 21
− Q˜
2
K
f 2K
)
hθiθi
− 8
3r6f 1/3
(
Q˜21
f 21
+ 2
Q˜2K
f 2K
)
δλ = 0, (49)
∇¯2t+

2
(
f1
fK
)1/3
− 8Q˜
2
1
r6f 21 f
1/3

 t = 0. (50)
We wish to point out that (δν, t)-equations are decoupled completely but δλ-equation still
remains a coupled form. In this sense the role of δλ remains obscure. Hence we no longer
consider this field. Here we observe from (48) and (50) that if the mass term in (50) is
absent, two equations are exactly the same form.
IV. POTENTIAL ANALYSIS
From the Bianchi identities (11) one has
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∂χF (K) = ∂θF (K) = ∂φF (K) = 0,
∂χF± = ∂θF± = ∂φF± = 0,
∂χH± = ∂θH± = ∂φH± = 0. (51)
This implies either F (K) = F (K)(t, r),F± = F±(t, r),H± = H±(t, r) or F (K) = F± = H± =
0. The former together with (45)-(47) means that all higher modes of l ≥ 1 are forbidden in
this scheme. Hence we consider only the s-wave(l=0) propagations. Then the relevant fields
become δν(r, t) = δν(r)eiωt and t(r, t) = t(r)eiωt, but the graviton modes hµν are irrelevant
to our interest. For r1 = r5 ≡ R, the equations (48) and (50) lead to
{
r−3∂r(dr
3∂r)− d−1f∂2t −
8R4
r2(r2 +R2)2
(
1 +
r20
R2
)}
δν = 0, (52)

r
−3∂r(dr
3∂r)− d−1f∂2t +
2(
1 +
r2
K
r2
)2/3 (
1 + R
2
r2
)1/3 −
8R4
r2(r2 +R2)2
(
1 +
r20
R2
)
 t = 0, (53)
Considering N = r−3/2N˜ , for N = δν, t and introducing a tortoise coordinate r∗ =
∫
(dr/d(r)) = r + (r0/2) ln |(r − r0)/(r + r0)| [13], then the equation takes the form
d2N˜
dr∗2
+ (ω2 − V˜N)N˜ = 0. (54)
Here we take r0 = rK for simplicity. In the dilute gas limit (R≫ r0), V˜N(r) is given by
V˜ν(r) = −ω2(f − 1) + h
{
3
4r2
(
1 +
3r20
r2
)
+
8R4
r2(r2 +R2)2
}
, (55)
V˜t(r) = −ω2(f − 1) + h
{
3
4r2
(
1 +
3r20
r2
)
+
8R4
r2(r2 +R2)2
− 2
(1 + r20/r
2)2/3(1 +R2/r2)1/3
}
,
(56)
where
f − 1 = r
2
0 + 2R
2
r2
+
(2r20 +R
2)R2
r4
+
r20R
4
r6
. (57)
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FIG. 1. The graph of Vν(r), Vt(r) in the near-horizon region with r0 = 0.01, R = 0.3.
We note that V˜N depends on two parameters (r0, R) as well as the energy(ω). As (54)
stands, it is far from the Schro¨dinger-type equation. The ω-dependence is a matter of
peculiar interest to us compared with the Schwarzschild black hole potentials (VRW , VZ , Vψ)
[14,15]. This makes the interpretation of V˜N as a potential difficult. This arises because
(f − 1) is very large as 106 for r0 = 0.01, R = 0.3 in the near-horizon. In order for V˜N to
be a potential, it is necessary to take the low energy limit of ω → 0. It is suitable to be
10−3. And ω2(f − 1) is of order O(1) and thus it can be ignored in comparison with the
remaing ones. Now we can define a potential VN = V˜N +ω
2(f−1). Hence, in the low energy
limit(ω → 0), Eq.(54) becomes as the Schro¨dinger-type equation.
First we consider the near-horizon geometry, which corresponds to the limit of r → r0
such that the dilute gas limit (R ≫ r0) holds. In this limit one finds AdS3×S3×T4. In the
near-horizon, as is shown in Fig. 1, the potential of the fixed scalar(Vν(r)) takes exactly the
same form of the tachyon(Vt(r)). This means that in the near-horizon the roles of the fixed
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scalar(ν) and the tachyon(T ) are the same. Now let us observe the far-region behavior of
their potentials. In the asymptotic region(r ≫ R) Vν approaches to zero, whereas Vt goes
to −2(see Fig. 2). With Vt one finds an exponentially growing mode (eiωt, ω = −iα) from
Eq. (54) [15]. This implies that ν plays a role of the good test field, while t induces an
instability of the flat space.
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FIG. 2. The graph of Vν(r), Vt(r) in the far-region with r0 = 0.01, R = 0.3.
V. DISCUSSIONS
Let us first discuss the role of a fixed scalar ν in the greybody factor calculation(Hawking
radiation). Although ν is related to the scale of T 4, it turns out to be the 10D dilaton(φ10)
when φ6 = φ10 − 2ν = 0. For Q1 = Q5 case, one finds the same linearized equation for the
harmonic, dilaton gauge, and K-K setting [10]. This means that the fixed scalar(ν) gives us
a gauge-invariant result. In the low energy limit (ω → 0), the s-wave semiclassical greybody
factor takes the form [13]
12
σνabs =
AH
4
(
r0
R
)4
. (58)
On the other hand, λ(= ν5 − φ6/2) is entirely determined by the scale(ν5) of the KK
circle(S1) when φ6 is turned off. The semiclassical result of its greybody factor takes the
form
σλabs =
9
4
AH
(
r0
R
)4
. (59)
However, in the previous work [10] we found out that λ depends on the gauge choice. The
fixed scalar ν is clearly understood as a good test field for studying the D5±-D1± brane
black hole. On the other hand, the role of λ as a test field is obscure because it is a gauge-
dependent field and gives rise to some disagreement for the cross section. The tachyon plays
the same role of ν in the near-horizon geometry. But this induces an instability of Minkowski
space(see Fig. 2). Hence the tachyon seems not to be a good test field to investigate the
quantum aspect of the D5±-D1± brane black hole.
Finally let us comment on the stability problem of the near-horizon geometry. It is
known that while the Minkowski vacuum is unstable in type 0 string theory, the AdS5×S5
with self-dual 5-form flux should be a stable background for sufficiently small radius [6,8].
The RR fields work to stabilize the tachyon in the near-horizon. It is clear from Fig. 1 that
the AdS3×S3×T4 is stable because Vν(r) and Vt(r) take the shapes of the potential barrier.
From Eq.(44), if there do not exist the RR fields (F±,H±), one finds a potential well for the
tachyon, which induces an instability in the near-horizon [14]. However, thanks to the RR
fields, one obtains a potential barrier. This shows obviously that the RR fields can work to
stabilize the tachyon in the near-horizon.
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